Approximately 90% of human cancer deaths are linked to metastasis. Despite the prevalence and relative harm of metastasis, therapeutics for treatment or prevention are lacking. We report a method for the establishment of pulmonary metastases in mice, useful for the study of this phenomenon. Tail vein injection of B57BL/6J mice with B16-BL6 is among the most used models for melanoma metastases. Some of the circulating tumor cells establish themselves in the lungs of the mouse, creating "experimental" metastatic foci. With this model it is possible to measure the relative effects of therapeutic agents on the development of cancer metastasis. The difference in enumerated lung foci between treated and untreated mice indicates the efficacy of metastases neutralization. However, prior to the investigation of a therapeutic agent, it is necessary to determine an optimal number of injected B16-BL6 cells for the quantitative analysis of metastatic foci. Injection of too many cells may result in an overabundance of metastatic foci, impairing proper quantification and overwhelming the effects of anti-cancer therapies, while injection of too few cells will hinder the comparison between treated and controls.
Introduction
Metastasis is a major cause of death among patients with malignancies. The process of metastatic dissemination of cancer cells is poorly understood but appears to involve several steps, including invasion of adjacent tissues, intravasation into the lymphatics and vasculature, survival and translocation within the circulatory system, extravasation from the vasculature at the site of metastasis, adaptation to the new microenvironment of the new site, and colonization at the new site by proliferation and formation of secondary tumors.
1 Each of these biological events involve the transformation, dissemination and survival of metastatic tumor cells. For example, the transformation of the epithelial phenotype of the tumor cell into a mesenchymal phenotype, coupled with the successful interaction with the extracellular matrix, enable them to invade adjacent tissues and metastasize to other parts of the body. 2, 3 Furthermore, these metastatic cells must survive within the circulating bloodstream and evade immune surveillance from the host. 4, 5 Finally, when implanted at a distant site within the body, the tumor cells must adapt to their microenvironment in order to proliferate and form secondary tumors. 6, 7 Therefore, although metastasis is a common phenomenon among cancer patients, metastatic tumor cells have multiple areas of vulnerability that are amenable to therapeutic intervention.
Given the immunogenic nature of melanoma, and the recent interest in immunotherapies, models for melanoma are increasingly useful. 8 In the United States alone, melanoma is the cause of an estimated 9,000 deaths per year. 9 Common locations of melanoma metastasis are bones, brain, liver, and lungs. The majority of metastases to distant sites occur through the bloodstream. Circulating tumor cells in the blood must evade immune clearance, reach a capillary bed of a distal organ and invade through the endothelial cells of the blood vessel in order to successfully establish themselves. [4] [5] [6] [7] 10, 11 To mimic the common and virulent phenomena of metastasis, the murine B16-BL6 cell line was created. A decedent of the parental C57BL/6 melanoma cell line B16-F0, B16-BL6 is the end product of 10 successive selections for lung metastasis from intravenous injection (resulting in B16-F10), followed by 6 successive selections for bladder membrane penetration. 12 As such, it is a reliable melanoma cell line for the establishment of metastatic foci in the mouse, particularly when injected intravenously. 13 After injection of a sufficient quantity of B16-BL6 cells into the tail vein of a B57BL/6 mouse, followed by two or more weeks to allow implantation and growth of the B16/BL6 cells, metastatic foci will form in the lungs. Upon euthanasia and inspection by dissecting microscopy, the number of individual foci present can be quantified. This, in turn, can be used to establish a dose-metastasis effect, as the number of injected B16-BL6 cells correlates with the number of foci formed on the surface of the lungs. This model is known as "experimental metastasis," where knownmetastatic cells are introduced directly into the bloodstream, facilitating a rapid and predictable spread and establishment in the lungs, liver, 14, 15 It is important to inject an appropriate quantity of B16/BL6 cells into the tail veins of the mice. Too many, and the lungs will be covered with metastases and neighboring foci will be indistinguishable from one another. Too few, and the influence of a therapeutic agent will be indiscernible due to inherent variations between injections. In order to obtain an optimal number of foci on the lungs of the C57BL/6 mice, it is necessary to correlate the number of injected cells with the quantity of established metastatic foci on the surface of the lungs while taking into account the distinguishability of individual foci. This protocol will demonstrate a metastatic murine melanoma model for C57BL/6 mice.
Protocol
Ethics Statement: The use of mice in research is only acceptable in instances where it might advance human understanding of fundamental biology or towards the eventual treatment of disease.
Copyright 3. Make two additional incisions, both from the top of the sternum incision and branching towards the shoulders of the mouse, exposing the rib cage. 4. Make two cuts, each along the lateral sides of sternum, to remove the rib cage from the torso, exposing the lungs and heart. 5. Holding the heart with surgical tweezers, cut the esophagus and windpipe, freeing the heart and lungs from the mouse. Place beneath a dissecting microscope, at 10X magnification, for better visualization. 6. Dissect the heart from the lungs and remove the thymus, leaving only the two lungs. 7. With the lungs beneath a dissecting scope, begin to count the lung foci. Each foci should appear as a circular, brown obtrusion on the surface of the lungs. 1. For consistency between mice, count the number of foci on the surface of a lobe, and then invert that lobe. Doing each of the four lobes individually allows for easier counting.
8. Save and fix the lungs if performing IHC, otherwise, discard the remains.
Representative Results
Upon visual inspection, the variation in surface foci is evident. Counting the number of tumors under a dissecting microscope should yield a linear relationship between the number of injected tumor cells and number of resulting and countable foci. Using an optimal number of injectable cells, the goal is one where the lungs are not completely covered, as they are at 500,000 cells/ml in Figure 1A , and not too sparsely covered, as they are at 62,500 cells/ml and 125,000 cells/ml. This is also quantifiable by linear correlation (Figure 1B) . 
Discussion
Circulating tumor cells from a tail vein injection represent the metastases that evade sites of primary growth and migrate through routes like the bloodstream or lymphatic system, occasionally establishing themselves in the capillary beds of distant locations. 14 The protocol described above serves as a model for secondary metastases. With an optimal number of B16-BL6 cells injected, experimenters can determine the relative effect of an administered drug or immune cell population, post-neutralization, on cancer cell metastasis.
This protocol has limitations. The circulating tumor cells have been selected for their ability to metastasize and are therefore non-immunogenic, having lower levels of major histocompatibility complex class 1 molecules. 12 Furthermore, the sudden and clustered introduction of large number of metastases is unlike the typical scenario in patients where small numbers of metastatic tumor cells dissipate over a prolonged period of time from the primary tumor location. Additionally, the intravenously introduced tumor cells are from tissue culture and not of a primary tumor origin. Therefore, these cells are unlike the secondary metastases that result from alterations in cell adhesion, migration, immune recognition and recipient organ establishment.
In conclusion, the tail vein B16-BL6 murine melanoma model represents a simple model for determining the influence of a treatment or immunotherapy on metastasis. By intravenously injecting circulating tumor cells, researchers can replicate, to some extent, patients postmetastasis. Considering the destructive effects of metastatic tumor cells in the cancer patients, this model is a powerful tool for understanding the multistep process of metastasis.
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